The possibility that plasmid transfer may occur in rivers, estuaries, and coastal waters has been considered by various workers (2, 8) . However, it has not been established that bacterial conjugation occurs, or is even feasible, under such conditions. The complexity and variability of the aquatic environment, together with our ignorance of the nature of conjugal cell-cell contact (1, 9) , make it difficult to assess the feasibility (let alone frequency) of conjugal transfer in environmental waters. However, by studying the effects on model conjugation systems of particular environmental parameters (temperature, pH, etc.), we can build up a picture which may eventually allow us to predict the likelihood of conjugal transfer in any given well-characterized aquatic environment; the rationale for this type of in vitro approach to environmental problems has recently been stated in detail (15) .
Studies in this laboratory have shown that conjugal transfer in environmental waters cannot be ruled out on the basis of temperature (16) or pH (17) ; moreover, transfer is actually stimulated by estuarine concentrations of sodium chloride (manuscript in preparation). However, other factors may limit or preclude conjugal transfer in the aquatic environment. For example, natural waters typically contain minute (colloidal) particles of clay (5, 12, 14) which can form a coating on bacterial cells (10) (11) (12) (13) (14) ; such a coating may form a physical barrier to conjugal cell-cell interaction. That such an effect is likely is suggested by the observations that a pericellular clay envelope can protect Escherichia coli cells from bacteriophage infection (13) and from predation (12) . This paper shows that colloidal clay does indeed strongly inhibit the conjugal transfer of an F-type R-plasmid between strains of E. coli.
Donor and recipient strains have been described fully elsewhere (16) ; the donor contained the F-type R-plasmid Rldrd-19, and the recipient was chromosomally resistant to nalidixic acid. An aqueous suspension of sodium montmorillonite (Wyoming bentonite supplied by BDH Chemicals Ltd., Poole, England) was prepared according to Roper and Marshall (13) ; the concentration was 1.5 mg ml-, and the maximum effective spherical diameter of the clay particles was 0.22 pLm.
For the control mating, 0.9 ml of a log-phase broth culture of the donor strain was mixed with 8.1 ml of phosphate buffer (0.05 M, pH 7.0) and 1 ml of distilled water to give a final cell concentration of 2 x 108 cells ml-'; a log-phase recipient culture was diluted in the same way to give a final cell concentration of 108 cells ml-'. Diluted donor suspension (0.2 ml) was immediately mixed with diluted recipient suspension (1.8 ml), and this mating mixture (2.0 ml) was incubated without agitation in a 30-ml universal bottle for 24 h at 22 ± 0.1°C. The mating mixture was then diluted 100-fold in sterile distilled water and plated on agar containing kanamycin (30 p.g ml-') and nalidixic acid (20 p.g ml-l) to select for transconjugants. The plates were incubated overnight at 37°C, transconjugant colonies were counted, and the transfer frequency (i.e., the number of transconjugants per donor cell) was calculated.
Matings designed to determine the effect of colloidal clay on conjugal transfer were carried out as described above except that clay suspension (1 ml) was used in place of distilled water to give a final clay concentration of 150 .g ml-'; this kind of clay concentration is common in aquatic environments (5, 12, 14 (3, 18) , and (ii) they may form a coating on bacterial cells as a result of electrostatic attraction between charged regions on the bacterial and clay surfaces (10) (11) (12) (13) (14) . The pH-stabilizing effect of clays becomes insignificant in the presence of buffer (3) so that, in these experiments, the buffering action of clay is unlikely to have been responsible for the observed effect of clay on conjugal transfer. The most likely reason for this effect is the presence of the clay envelope, since such a physical barrier may inhibit either or both of two processes currently believed to be essential preliminary stages in F-type conjugation: the binding of the pilus to the outer membrane of the recipient cell and the subsequent occurrence of wall-to-wall contact between donor and recipient (1, 9). Prevention of either of these processes necessarily prevents conjugal transfer.
In this study, the strongly inhibitory effect of colloidal clay on conjugal transfer was observed in an experimental mating system containing ca.
108 bacteria ml-'. In the aquatic environment, however, bacterial numbers are commonly much lower than this, e.g., 105 to 106 bacteria ml-' (6, 7) or less (19) ; hence, even in the absence of clay, only very low levels of F-type conjugal transfer might be expected since transfer frequencies decrease greatly with decreases in cell concentration (4) . (Transfer frequencies of less than ca. i0-5 were recorded with the present model conjugation system, using 106 to 107 bacteria ml-' at 22°C [unpublished observations].) The results of this study, therefore, indicate that, assuming no counteracting influence, the presence of colloidal clay in environmental waters is likely to reduce to infinitesimally low levels any conjugal transfer which may otherwise occur. Although transfer frequencies can be enhanced in clay-free systems by estuarine concentrations of sodium chloride, the concentration of sodium chloride has little or no effect on the binding of small colloidal clay particles to bacteria (13) so that the inhibitory effect of colloidal clay on F-type conjugation is unlikely to be affected by the salt in estuarine and marine waters. 
